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ABSTRACT:  '  A  method  it  described  for  observing  the  first  twenty-fire 
millimeters  of  travel  of  the  .underwater  shock  wave  propagated  at  the  end 
of  small  cylindrical  explosive  charges.  A  suitable  theory  is  developed 
to  allow  a  sinple  computation  of  the  explosives  detonation  pressure  fraa 
these  observations.  The  feasibility  of  napping  the  pressure  contour  of 
the  explosive  by  this  method  it  considered. 
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T'-e  work  described  herein  was  conducted  in  the  Detonation  Division 
under  project  No.  NOI,~B.?c-l-l-55 •  It  is  part  of  an  investigation  which 
is  intended  to  study  detonation  properties  by  quantitative  observ  tluer, 
of  tne  underwater  y  ock  wav?  produced  by  the  detonation  of  explosives. 
V/hlle  considered  -/a  11  3  and  informative,  the  results  are  not  considered 
a  basis  for  action. 
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THE  DETONATION  FRESSLRES  IN  EXPLOBIVEC 
AS  MEASURED  BY  TRANSMITTED  SHOCKS  IN  WATER 


IWIRODUCTIQN 

The  determination  of  pressures  In  a  detonating  explosive  vien  the 
pressure  discontinuity  is  as  'nigh  as  300  kilcbare  aad  the  trs.ni  ent  time 
on  the  order  of  several  microseconds  is  beat  attempted  by  the  re&sure- 
ment  of  some  variable  of  the  system  other  than  the  pressure.  vo  approx¬ 

imate  inethocLs  of  this  type  based  on  chock  velocities  in  metals  >nd 
Taylor's  expanding  case  theory  nre  described  In  reference  (5).  a  rigor¬ 
ous  method  for  vhich  the  density  of  the  product  gases  is  deterr'iec  has 
teen  described  In  reference  (6). 

The  velocity  and  rate  of  decay  of  a  shock  wave  propagated  into  water 
at  the  end  of  a  two  Inch  diameter  by  four  inch  length  plane  wave  initiated 
explosive  charge  has  been  observed  using  a  rotating  mirror  camera  shadow¬ 
graph  technique.  The  photographic  records  obtained  are  read  o;  a  sdcro- 
co&4>arator  as  displacement  versus  time  curves,  and  a  quadratic  equation 
fitted  by  the  method  of  least  squares.  The  velocity  of  the  water  shock 
is  obtained  as  a  function  of  time  or  distance  from  the  first  differential. 
From  the  measurement  of  the  initial  velocity  of  the  water  shock,  an  extra¬ 
polation  to  the  higher  shock  pressure  data  presented  by  Snay  and  Rosenbaum 
in  ItAVORD  2383^  reference  (1),  is  possible.  This  information  plus  hydro- 
dynamic  theory  permits  a  calculation  of  detonation  pressures  and.  values 
of  the  adiabatic  exponent,  if  the  relationship  between  detonation  velocity 
and  explosive  loading  density  is  known. 

Approximate  detonation  pressures  may  also  be  calculated  from  the 
condition  of  impedance  mirmatch,  reference  (3).  Pressures  calculated  by 
thic  method  are  in  good  agree  "sent  with  those  obtained  by  the  proceeding 
method.  It  would  appeal*  therefore  that  the  water  shock  is  a  "good” 
reflection  of  the  pressure  profile  in  the  detonating  explosive. 

By  a  method  of  obtaining  tangent*  at  random  points  of  the  photo¬ 
graphic  record,,  a  direct  plot  of  the  underwater  shock  velocity  versus 
distance  into  the  water  i»  available.  A  linear  equation  is  fitted  by 
the  method  of  least  square*  to  the  data  of  login  Shock  Velocity  versus 
distance  into  the  water  over  the  range,  2.5  mlllijseterB  to  16.C  milli¬ 
meter*.  This  equation  is  extrapolated  to  aero  distance  to  obtain  the 
Initial  underwater  shock  velocity.  Detonation  pressures  raay  then  be 
calculated  by  the  proceeding  methods. 
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The  extrapolation  of  the  data  presented  in  HaVQRD  2  3#  3  in  refer - 
c.icj  (i)  entitled  ’’Shock  Wavs  Parameter*  in  Freeh  Water  for  Preaaurea 
L’p  to  95  Kiiobars",  '.as  been  made  in  the  form: 

<D  /0,  £  -  f  C/Q  =  3.06  7-  S2  8S-  J- 

This  permits  a  determination  of  the  pressure  and  particle  velocity  i caned- 
lately  behind  the  water  shock  front.  The  form  of  the  extrapolation  has 
oeen  chosen  as  a  straight  line  function,  see  Figure  IX. 

The  following  notions  of  the  hydrodynamic  problem  of  the  explosive 
at  the  explosive  -water  interface  permit  the  development  of  a  ainqpie  hydro- 
dynaalo  theory  suitable  for  the  calculation  of  the  approximate  detonation 
pressure,  reference  (3),  fr-xn  the  measurement  of  tlte  initial  underwater 
shoe*  velocity,  a  knowledge  of  the  detonation  velocity  versus  loading 
density  curve#,  and  tne  data  of  Snay  and  Rosenbaum  for  water.  The  funda¬ 
mental  hydrodyasaic  equations  relating  front  velocity,  D,  and  material 
velocity,  to  the  detonation  pressure,  P,  and  density,^©,  are: 

(2)  D*  ~  ue  _  jf 

Dt  -  (O 

(3)  Pt  = 

where  tbs  subscript  refers  to  reacted  exploeive  and  the  subscript 
*0”  refers  to  cares ctod  explosive .  At  the  detonation  front,  the  Chaps*® - 
Jouqunt  condition  sppllss. 


ce  =  a- 


When  the  detonation  reaches  a  boundary,  e.g.,  water,  an  expansion  occurs 
la  the  guos,  and  the  water  Is  maid  to  be  caapressed  in  a  square  ctep 
shock,  tbs  expansion  satisfies  X fa  non-steady  state  one  dlesnslonal 
conditions  treated  by  Minn.  If  a  i*  the  particle  velocity  of  the 
gases  after  as  Utrcvic  expansion  to  the  peeasure  equal  to  that  trans¬ 
mitted  into  the  water,  than:  ^  ••  - 

*5)  U*  -  Ue  ~  -  j  ft- 

Tb a  dd  velocity,  C,  la  related  to  P  end  f>  by  the  expression, 

,6>  c‘  =  d&s  ■ 

to  tbit  ths  above  integral  can  be  SYsluatad  if  P  Is  known  as  a  function 
cf  /O  at  constant  entropy,  We  vUl  esi 
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(7) 


where  "A"  and  "kappa",  the  exponent  *re  corutsnt  at  to  t  *.. 

*v,e  explosive-water  interface,  U'  equals  '  ,4.  i;jn  ne  ■-  .>-e  eq 
with  appropriate  substitutions,  ve  may  le-  v»>  *  ^  re >»*  lor  . 

0.  ,  „  n  f 


(8) 

KTld  (9) 
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In  egression  (8)  li^,  ,  P  ,  one  are  known  sc  .  .at  .  ran  deter 
rined.  This  value  when  used  in  (v,  dive;-  tne  detor  .tier.  p.resovjr* . 


A  second  approach  to  the  uution  ci  trw  hk'JL'-»  .  -'Wile  j,rotil«,  at  the 
explosive-water  Interface  13  possibla  if  the  marten  „a  eq-xat'-r  ,*3r  strong 
shock  waves  is  considered. 

( 3 )  P  zr.  D  u  0 

'•o 

It  ray  be  assumed  as  vas  previously  dene  that  the  water  ia  compress®*  it 
a  squares  step  shock,  and  the  Chapaw-Jouguet  condition  applies  tc.  th*» 
explosion  products.  The  problem  resolves  itself  to  one  of  solving  tb& 
boundary  conditions  for  a  square  step  shock  incident  on  tne  boundary 
between  two  media,  each  of  vhlch  nay  have  a  different  shock  luipadanco, 
reference  (3).  The  detonation  pressure  is  then  expressed  ir.  the  rsla- 


where  the  subscripts  "e"  and  "w"  refer  respectively  to  oxrlosive  and 
water.  This  relation  is  realized  to  be  only  an  approximation  as  ths  wave 
reflected  from  the  interface  i3  a  rarefaction,  v  \ereas  to  conform  with 
theory  it  Should  be  a  weak  shock.  This  approximation  appears  at  first  tc 
be  intolerable.  The  results  obtained  with  thin  expression  hovever,  a ra>  iz 
Rood  acroeabflt  with  those  obtained  from  the  preeeeding  method. 
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The  first  cne  Inch  of  travel  of  the  shock  wavs  propagated  into  dis- 
tilled  water  at  the  end  of  a  plena -'wavs  initiated  explosive  charge  *to 
been  observed  for  TW/7L,  and  RDX/aI  charges  with  the  percentage  of  alu¬ 
minum  by  weight  ranging  from  C#  vO  60$  in  10$  increments .  This  has  "ieo 
accomplished  through  the  >i@e  of  a  rotating:  isirrur  censors  scp'lfV'ing  r 
shadow-graph  technique,  Tba  explosive  chargee  Vith  tbo  excep-t'.  on  c 
TRT/aI  wore  mads  of  four  stacked  two  inrhas  diameter  by  one  incr  height 
pressed  pellets.  The  TT?T/a1  clxar^gfu^ora  cast  cylinders  two  Inches  ir 

v.<4%ba?TL-j. 
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diameter  by  fo:<r  Inches  i.ti .  T)  e  «**trt*  ex.  b  ■'  -  . 

of  a  Hercules  Cu-c'al  de+  >''W*or ,  a  two  n  •  ■'  v  T- 

of  the  p»»ntolite-bRvatol  t.pe,  a  t-*+  !  I '  *  *  ’•  ’ 

one  inch  in  heigtt,  and  t’e  -  xt  -os.  v-  -!  '  ur-  l  ■  *  •  "  •• 

lower  face  of  each,  chary*  examine  ■  f  »-  -  . . . 

f'rirvg,  and  only  changes  \<-t  fl.-*  :•*•  •  '  '  >i 

were  ueed,  Because  t  c  > 1  ary  '■’as  *o  -  .  •  '  .  •  - 

mutely  five  minutes  before  u^ing  de*  u'-ui-c ,  .f'  <•' yi  .■  -  ",  '•  .  •  - 

were  previously  tested  for  •„ e  -  . 

water  absorbed  in  this  Ler.  +’  of  *  me  w  n?gl:_i*.J.  • . 

The  position  of  *!  e  ■''plosive  >  .  urye  and  c:  t  e'  y,rc-'  *  *.  • 

inside  the  bombproof  a"--*  - :  own  in  F ' ai ^  I.  Wooden  no  .at  a  h 
by  7"  serve  as  containers  for  the  lis tilled  wate-  5n  .hi  eh  t  .t  c  -.c,*-  -r 
detonated.  The  two  ot-poni'"  larger  sides  are  made  of  a  gc-oo.  ^raiv  of 
window  glass  to  allow  an  ur.dis^orte’  view  of  toe  '.vent.  .n  the  o 
of  the  rear  glass  wall  is  mounted  an  li"  focal  lengt’  lens  whic'"  ft-'  ~ec 
the  light  from  the  shadey-gran  light  source  on  “ronn  'tone  of  *’v  ro¬ 
tating  mirror  camera.  The  light  source ,  lens,  and  Hcquarium  are  a’ -g-.e- 
along  the  optical  axis  of  the  rotating  mirror  camera,  v\t  to,s  rvica' 
axis  perpendicular  to  tlie  glass  surfaces  of  the  acqu&ri , F  t  iignt 
source  is  an  exploding  tungsten  wire  one  mil  in  i’ameter,  t'  reaue*  ■' 

thro-igh  a  capilliar;.  tube  3"  in  length  by  one  millimeter  <*to  . 

This  wire  is  pulsed  with  U000  volts  approximately:  15  :aicrc  c  .«f:re 
the  detonation  front  reaches  tne  lever  end  of  the  expletive  t’-ni*-  .  7".  a 

capiliiary  tube  of  the  light  source  is  placed  parallel  to  tie  hew  r  r.n 

face  of  the  explosive  charge,  ..e.,  in  the  Horizontal  plan*.,  wit  •  is 
center  on  the  optical  axis  of  the  system..  With  the  lig't  sctu-ce  in  t..is 
position  there  ie  effectively  in  the  vertical  plane,  a  poin'  so-uue  of 
light  which  is  focused  on  the  front  lens  of  t.ne  rotating  mirror  camera. 
This  arraneessart  avoids  distortion  due  to  parallax  reflections  from  the 
front  surface  of  the  under-water  shock  wave.  The  explosive  charge  1b 
Immersed  ia  the  filled  aquarium  to  a  depth  of  2.25  inches.  In  this  posi¬ 
tion  the  lower  surface  of  the  charge  io  horizontal,  and  0.5  inches  above 
the  optical  axis  of  the  combined  camera-light  source  system.  Furt^e-mcre, 
the  charge  is  positioned  bo  that  its  extended  axis  intercepts  the  optical 
axis  of  the  aysta®.  The  rotating  mirror  camera  is  then  critically  focused 
on  the  extended  axis  of  the  explosive  charge. 

To  increase  the  image  resolution,  the  usual  one  and  a  half  inch  th  -is. 
plexiglass  viewing  window  in  the  bombproof  wall  }ias  been  replaced  with 
series  of  on#  tech  thick  steel  plates  la  which  0.3  inch  width  slots  bav 
been  cut  (340  Figure  li.  These  plates  ere  positioned  with  air  gaps  in 
between  to  reduce  tie  blast  effect  at  the  camera  to  such  a  degree  that 
only  «  0.23  tech  thick  plexiglass  slab  13  necessary  irradiate ly  in  iron; 
of  tfea  abjectly®  leas  of  the  camera  to  step  notarial  frora  the  explosion 
fress  Btarikte®  'tha  objective  lens.  The  0.25  inch  plexiglass  window  in 
this  position  dees  not  introduce  a  dg^ctiblft  distortion  of  the  imge. 
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Tt»«  rotating  mrrjr  -tu'je Mid  asao-iated  controls  for  f/u-r.  f.’t-  4 
trie  exploding  wire  light  source  »ui*  ti  wt  of  detonation  of  t  m  t •• 
the  position  of  tlie  air  cor  j  -  . -r,  ml  The  »*.>•*  low  t.  r^. 

picture  1*  tsJcso  cn  3.  tarn,  ftim  a.t  n  Licac.  1oak«  veLorit.  <  x 
known  reduction  in  cAgnU’U-iit  J'.u.  Lu  thebe  i.huiojrei*ii3  >A  vi.  V  c  u*  . . 

Is  an  example ,  vertical  dinpla.'enent  Hx  the  f ilx*  corresp^ndt.  v  h  ;ar 

dlbplAcement  along  a  .va rruv  Lin  *  ro-uugh  the  ext.er.led  clxlb  of  ’ :  aiy>* 

as  seen  by  the  caoeia.  !K-rlxor.t.ai  cisplacemen.  or*  t :*•-  i  1.  .\rr>  cuts 
to  tine.  The  film  drum  13  to  positioned  in  relation  to  the  ;  nr*, 

ror  that  the  mgnificati  t.  1b  constant  over  the  length  of  the  -iruc  tea 
'n  making  the  records.  Prior  to  etu.-.  shot  the  signifies  1 1> >i\  It*  to  ■  ;xr  ' 
by  photographing  e  precision  s^.e  v  .ich  la  placed  in  the  pot: ’.or  tore 
the  center  of  the  charge  vli.  be.  Photographs  are  also  taken  f 
Lmnge  of  the  vertical  slit  the  fi  r.  drior  to  determine  its  t  t  'rr.  *> 

the  vertical  These  pictures  are  mu.e  at  two  positions  ;n  the  -  1 ' r  dr  *z. 
since  the  gc  jam  try  of  the  ctvjt-ra  require'*  tbs  ixsage  of  tut  all-  .  ■'.rsu^? 
i^o  tilt  as  it  is  swept  dovn  tie  length  of  the  film  drun  by  v.he  -  ;v.  ~  trt, 
airror.  A  "slit  tilt’  :or~e  .ticn  is  therefore  appli  r  to  the  po  It  lor.  .f 
the  smear  photograph.  The  geosaatry  of  the  camera  also  requliYa  >*.t  tn 
issaga  velocity  along  the  film  drur.  for  a  give:,  mirror  relation  r  ecu  be  n 
function  of  tho  distance  cf  th^  image  from  a  known  position  of  i  t  fill, 
dnaa.  This  tine  calibration  has  been  ovtaiued  for  a  mirror  ;ov. ,  oj.  a^r-rt 
of  600  rps.  m«  method  ..o/vaieted  off  photographing  light  pulii . .  :  tted  r> 
a  high  speed  light  ntieer,  reference  (fc),  while  accurately  actl  -■  tne  p  s*v- 
tion  off  the  f*l»  on  the  film  drum.  Succeeding  films  are  then  p.;*  it  ioued 
to  s ithin  0.1  am .  of  the  calibration  flirt.  The  rotational  st>cc  -  t  ths 
srlrror  during  any  caperinen-  *<*h  the  camera  ic  determined  In  t  *,  i.tj. 
ing  oanner ,  Tining  sign&xa  generated  at  each  revolution  of  the  aL  .v  *  are 
ia^rescod  an  the  y-axis  af  an  oscillograph  screen.  A  elae  v«w  it  is- 
pre«e-»l  on  the  x-oxts  frod  a  100  cycle  per  second  tuning  fos.V..  jlae  irdw- 
iP‘,  accuracy  off  the  fork  is  0.01  cycle  per  100  cycles.  The  rimr  speed 
*>•  determined  in  multiples  of  1O0  revolution*  per  second.  The  *idl- 
clonal  errors  Involved  are  functions  of  mirror  speed  and  operator  t?ch- 
ni«iv»e.  If  the  operator  allvued  the  oscillograph  pattern  to  drift  o.us 
HTcle in  ten  seconds,  at  &  mirror  speed  of  oOO  rps,  he  voUd  jkvIqo  a*'  'rror 
of  0.02Jb.  The  density  variation  vithia  a  n ingle  alwainised  chs  'ge  is 
estimated  to  be  0.3%.  The  overall  estimate  cf  the  precision  cf  the  vr'<>-~ 
itiss  nseaured  is  about  0.5%. 

relative  humidity  and  tei^exature  off  the  film  cJaabm  c'  the 
rotating  mirror  camera  are  maintained  at  fairly  constant  value ^  .  ihs 
films  are  developed  inm»4iatoly  after  exposing  far  eight  minutes  n 
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Hoda'  C-ll  Aeve  loper  at  6fl°F ,  and  fixed  for  fifteen  minutes  in  a-.J  hy; 
at  48°F  .  .fter  washing  and  drying  the  films  are  stored  between  .1 eavy 
s'eets  of  t,lsss.  T'«  measureable  fllr.  lengthviae  shrin.-age  in  t.  s  pro-  - 
ev  negllgib’e. 

The  ;■  otographic  records  are  read  on  a  Qaertner  micro -comparator 
♦o  *ain  displacement  versus  time  curves.  Referring  to  Figure  II,  the 
lii«  :s  ali. Tied  parallel  to  the  horizontal  eovssiant  of  the  micro- 
cor;  orator.  Vertical  measurements  (dlsplacenssEt)  are  made  using  equal 
iti 'rr.or.tfi  0p  horizontal  movement  (tiaa).  Both  the  horizontal  and 
ver  *  'xi  movements  of  the  micro -ccraparatcr  ore  accurate  to  0.001  mi  111- 
ne'e-"  .  To  obtain  a  velocity  varaus  dist&oee  curve,  tangents  to  the 
n*  Men*  ifiaole  points  on  tbs  curve  are  asasurad  on  tha  micro- 
'c-.;  ufa* or ,  which  is  accurate  to  0.01°  of  angular  tsaaaare.  Points  along 
•  r  'urve  are  identified  by  placing  f.  ruled  grid  with  one  mllliwtter 
a  ing  between  parallel  lines  over  the  record  ©a  tha  table  of  the  com¬ 
parer.  r.  The  .ntersection  of  the  ruled  lines  with  the  curve  identify 
r  t  :-''r.ts  at  which  the  tangent  is  to  bs  r©*eus’©d.  Tha  distance  of  each 
I  ~  r.  from  the  lower  face  of  the  charge  la  obt&icsd  by  aligning  the  line 
'"ee  l’i.yire  II)  with  the  hariscatal  a&vsiBSst  of  the  cce^arator,  ar.l 
rsV ' '  measurements  to  the  point  with  tha  vertical  arnmont.  Tha  field 
of  •  -  nd  magnification  of  tha  ccs^pca'&tiB?  6W  adjusted  such  that  when 

>c -  c  •:  entire  field  of  vl«v  fey  fitting  ths  teusg®nt  at  a  given  point, 
-■  trailing  edge  of  this  field  of  view  teem  t&a  canter  of  ths  following 
cl  view  when  fitting  tbo  tasgsfflfc  to  thir  curve  at  th®  adjacent  point 

rue  angle  between  the  slits,  liaao  started  QS  ead  another  not  shown 
ana  .he  line  marked  AB  is  Figure  II  is  ssasurtd.  Ths  change  lx.  slit  tl.t 
between  the  two  positions  of  th*  photographed  slits  la  determined,  and 
the  rate  of  ebauge  coqp’fted  aaeuaing  it  to  bs  linear.  «  ''slit  tilt"  cor¬ 
rection  is  thereby  applied  to  ths  maastared  points  and  tangents  along  the 
svo "rc-t  cone.  Th*  sngnifi cation  la  ccasujed  from  the  film  &~A  tie 
in3_r  velocity  deterained  fro©  tbo  teas wa  position  of  the  image  on  t..e 
t'\r  .Ir’sr. .  The  average  magnifinstion  of  tfc3  aeries  is  approximate!.  IS' 
and  x  <•-  average  is-sge  velocity  Ja  ejiprSKirasteXy  1.31  aayaic  car  eeor.  \ . 


lUs&UlflS 


Ts-e  explosive  cca^ositicns  that  have  been  investigated  in  the  r •  v  - 
seeding  manner  are  TKT/«1,  ISETB/aI,  And  3s8&/aX.  The  HiT/jU  charges  were 
five',  for  ccsaptcati’^e  purposes  and  to  develop  the  experimental  low? 

VACr’ved  to  obtain  th®  displacement  versus  tires  curves.  Since  several 
experlmrnt&l  codifications  have  been  tssdo  both  during  and  after  these 
charges  were  fired,  it  is  felt  that  the  results  obtained  are  net  •  -<* li¬ 
able  es  the  later  work  done  or  EDX/;JL  and  T1G75/*1  .  .v  p»rxary  cf  *  -■ 
cotplcvlvt  parameters  obtained  tax  TTFT/Ai  is  presgnted  in  Table  I.  The 
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Initial  underwater  bhock  va^ocl r;'  vac  obtained  by  analyzing  vr-  "••  *■ 

to  obtain  a  displaccnenl  vertus  tiro  carve  to  vhlc.»  van  fi’*-'  a  <  ■'- 
ratio  equation  by  the  method  of  ieaof  square n  .  The  firs'.  in. 

at  tiine  zero  produced  t'ne  initial  underwater  -.hock  velocity.  l*rt-  .  e 
calculations  rave  been  made  both  ^rore  the  theory  previously  prc3«r.  tC  an- 
from  the  conditions  of  impedance  mismatch. 

A  summary  of  the  explosive  parameters  obtained  for  TSt£TB/.-J  one 
HDX/Al  is  presented  in  Table  II  and  Table  III  respectively.  Tlu»  initial 
underwater  shook  velocities  for  these  compositions  were  obtained  as  fol¬ 
lows.  Referring  to  Figure  III,  which  shows  the  analysis  of  RIl'l/.J  (&0/2*  ., 
the  logarithm  of  the  shock  velocity  calculated  from  readings  of  the  shock 
velocity  at  arbitrary  distances  from  the  lower  »urfact  of  the  change  on 
the  photographic  record  by  the  method  of  tangents  to  the  curve,  is  plotted 
as  a  lbmction  of  the  distance  from  the  lower  surface  of  the  ..large  for  all 
the  charges  of  this  composition  that  were  fired.  The  vector  me&r  of  each 
set  of  joints  (see  small  boot  of  Figure  III)  is  taken  to  obtain  the  broken 
line  curve.  The  err_r  introduced  in  this  ctvlcul&tion  if  negligible  since 
the  maximum  angle  between  any  two  raw  data  curves  at  any  one  point  is  1**^ 
than  5°.  A  straight  line  is  than  fitted  by  the  method  of  least  squares  to 
the  broken  line  curve.  This  calculation  ia  carried  out  from  2  millimeters 
distance  to  l£  millimeters  distance  (see  large  box  of  Figure  III)  and 
extrapolated  to  ssro  distance.  This  i6  Justified  since  considerable 
spread  is  introduced  into  the  data  near  both  ends  of  the  photographic 
record.  Figures  XV  and  V  present  the  least  square  curve  obtained  for  vary¬ 
ing  c depositions  of  EIBC/Al  and  TNETB/aI  respectively.  Pressure  ,±lcuia- 
tions  have  been  made  both  froa  the  theory  previously  presented  and  frtae  to® 
conditions  of  impedance  ml’. snatch. 


CORCLUSICSJS 

The  initial  t&dsrwater  pressure,  the  detonation  pressure,  and  "kappa. * 
values  for  HDX/aX  JEsS  TKETB/aI  compositions  are  plotted  as  a  function  of 
the  percent  aliaalntea  is  Figure g  VI,  VII,  end  VUI,  respectively.  The  data 
for  the  60/U0  BDX/S3T  coapoaiticn  is  possibly  incorrect  in  that  the  ini¬ 
tial  underwater  aback  velocity  resulting  from  this  composition  io  slightly 
higher  than  that  frea  70/30  REX/aI,  Omitting  this  value  it  is  seen  that 
the  detonation  preaetB"«  decrease  a  a a  ths  percent  aluaimra  is  increased 
froa  10 $  to  5<$  within  tbs  ffltpyri&antal  error.  Ths  slope  of  the  detona¬ 
tion  prssaura  vs  Al  cu vm  for  the  TH0EB/A1  compositions  is  loss  steep 
tb^a  that  of  the  R3X/A1  mixtures .  If  the  data  for  6gAQ  RDX/aj.  ia  disre¬ 
garded,  tha  saagnite&S  of  ’kappa"  increases  with  aluminum  addition  tc 
THEEB,  hut  rises  to  a  a&x&aus?.  at  approximately  30$  aliaiinum  fo:  RDX  and 
than  falls.  Referring  to  ti»  curves  of  ths  log^  Snook  Velocity  as  a 
function  of  ths  diat»3S3  into  the  water  ftroa  the  lower  surface  of  the 
charge,  the  explosive  eot^osition  of  HDX/A1  vldch  Is  mo3t  effective  in 
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Maintaining  ft  high  underwater  v.» loc : V  Is  Umt  obtained  vli :  the  s*.  'on 
of  30$  aluminum.  In  aluminized  TNbTB  nlnllar  resultu  are  air-v-L 

4o£  Al. 

The  experimental  technique  employ sd  for  the  observati  >:i  of  '«.-f 
shock  waves  aa  a  function  of  tine  affordc  cn  excellent  met' »  for  *...*  nap* 
ping  of  the  pressure  contour  of  an  explosive.  The  time  resolution  •-  trie 
ix>tating  mirre^  camera  used  in  these  experiments  vas  not  «uff icier.* 
accurate  to  observe  small  regions  of  the  shock  velocity  versus  time  orve. 
The  best  fit  to  the  e)q?«riJLBntal  data  obtained  wae  therefore  the  straight 
line  used*  There  are  indications  however,  that  though  a  co:.3tant  sho*k 
velocity  nay  exist  over  the  first  few  millimeters  of  shock  travel  a  t  arn 
fail  in  f H*  shock  velocity  follows.  „«t  the  present  time,  a  farter  r'txt- 
ing  r.irror  camera  is  under  construction.  When  coepleted  i~  vi*i  p«r:--t 
this  event  to  he  ol nerved  In  greater  detail. 
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KAPPA  VALUES  OF  RDX/At  AND  TNETB/AI  AS  A  FUNCTION 
OF  THE  PERCENT  ALUMINUM 
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